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In spite of the many discoveries of a host of antibiotics of fungal
origin, all extremely reactive against micro-organisms, no systematic
thought was given before 1960 to the possible existence of fungal meta¬
bolites toxic to higher organisms. Furthermore, the prevalence of
mycotoxicoses was, except in the case of ergotism, largely unrecognized
and unappreciated until Sargeant e^ (1960) established that the
death of 100,000 young turkeys in Great Britain resulted from a toxin
produced by Aspergillus flavus in a peanut meal incorporated into turkey
feed. From this discovery came the term "aflatoxin," a name given to
the toxic metabolite.
As the name implies, the aflatoxins were originally believed to be
specific metabolites of certain A. flavus strains; however, they are now
known to be produced by other common mold species. Nevertheless, the
collective term "aflatoxins" has been applied to this mixture of toxic
metabolites, the composition of which varies with mold strain, substrate,
and environmental conditions of mold growth.
Crude aflatoxin is a mixture of several flourescent components.
Four of these components, designated aflatoxin B2, G-^, and G2, have
been isolated in a pure state and have been shown to be toxic in varying
degrees to different animals. These four components were named aflatoxin
Bj^, B2, G^, and G2 because of their origin as metabolites of A. flavus,




The structure of aflatoxins and Gj^ was established by Asao et al.
(1963). Aflatoxins B2 and G2 have been determined as respective dihydro
derivatives of Bj^ and Gj^. At the present time these four difurano-
coumarin derivatives are believed to be primarily responsible for the
toxic and carcinogenic properties attributed to the aflatoxins. Recently,
another component designated aflatoxin M, Holzapfel et (1966), has
been isolated from moldy peanuts and reported in freeze-dried milk powder
from cows fed peanuts infected with A. flavus.
The discovery that certain strains of common molds, such as A. flavus,
growing on agricultural commodities, can produce a number of flourescent,
highly toxic and carcinogenic metabolites has stimulated accelerated
research in the problem of mold toxins in food and feeds. Considerable
concern exists among animal and human nutritionists in the now recog¬
nized widespread occurrence of hepatotoxic fungi on legumes and in cereal
crops; this has caused much speculation on the possible relationships
between moldy foodstuffs and the high incidence of primary hepatic car¬
cinoma in Africa and the Orient. This question will be of particular
importance in the Orient where mold preparations, of the A. flavus—
oryzae group, are used in a variety of foods and condiments.
The natural occurrence of aflatoxins has been found in relatively
few commodities. At present, only two commodities, representing articles
of commerce, are known in which aflatoxins have been detected. Aflatoxins
were first reported in certain samples of peanuts and they were recognized
as metabolic products of the fungus A. flavus. Since that time aflatoxin
has been reported to naturally occur in cottonseed cake, also. On account
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of the world-wide distribution of A. flavus, it has been predicted that
aflatoxins will eventually be found as natural components in other
commodities as well.
Laboratory studies have shown that growth of A. flavus can occur
on any agricultural commodity provided that temperature, moisture, and
aeration are adequate. As a result, major concern exists among some
scientists on the question regarding the fate of aflatoxins ingested
by farm animals that produce milk, meat, and eggs. To study this kind
of a problem considerable quantities of aflatoxin are required. There¬
fore, it is necessary to find methods of producing higher quantities of
the material, and, in doing so, to ascertain the optimal conditions for
aflatoxin formation. In addition, a search for more highly productive
strains needs to be conducted.
Interest in all of the previously mentioned questions prompted the
investigation reported here. The principal objective, however, of this
investigation was to determine the presence or absence of aflatoxin
B2, G]^, and G2 production by seven isolates of Aspergillus flavus from
Pakistanian soils. In addition, an attempt has been made to determine
the quantitative levels of aflatoxin production by each strain when cul¬
tured on three different media. As indicated earlier, aflatoxin compo¬
sition and production vary with environmental conditions of mold growth,
substrate and mold strain. Since no studies of this nature have been




According to Scott (1964), the first paper in which reference is
made to toxic mold was published in 1891, when Woronin reported on the
toxicity of bread prepared from grain infected with Gibberella geae
(perfect stage of Fusarium roseum). In 1913, Alsberg and Black, working
in the U. S. Department of Agriculture, studied the biochemistry of
toxins of certain molds isolated from corn meal (Hesseltine et al., 1966).
Penicillium puberulum Bainier was found to produce penicillic acid. When
this material was injected subcutaneously into mice at a dosage of 0.2 to
0.3 g per kg of body weight, death resulted. Hoyman (1941) established
that the feeding of cereals infected with Gibberella zeae caused prolonged
emesis and subsequently death in pigs, Prentice (1959) examined various
species of Fusarium for the production of emetic substances on artificial
media and found several species to be toxic.
At least eight species of fungi have been incriminated in toxicoses
occurring among farm animals in America. Carll ^ al. (1954, 1955) and
Forgacs e^ al. (1954) reported classical signs of bovine hyperkeratosis
produced in calves fed on substrates inoculated with certain strains of
Aspergillus clavatus. A. chevalieri and A. fumigatus. Burnside ^ al.
(1957) reported toxic strains of A. flavus and Penicillium rubrum found
associated with moldy com toxicosis of pigs and cattle. The species
connected with these two diseases, as well as toxic strains of Paecilo-
myces varioti, Penicillium purpurogenum and an unidentified species of
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Alternaria were isolated by Forgacs et al. (1958) from feed and litter
collected from areas where the poultry hemorrhagic S}nidrome is ergotic.
Toxic molds have also been reported from Japan. Yamamoto (1954)
isolated a toxic strain of Penicillium urticae from malt that had
caused a large number of deaths in dairy cows. Recently, lizuka and
lida (1962) published a paper on the chemical structure of maltorysine,
a toxic metabolite of Aspergillus oryzae var. microsporus which was like¬
wise implicated in cases of animal poisoning. Miyake et^ al. (1960)
reported in a series of papers dating from 1940 on the toxicity of the
so called "yellow rice" infected with Penicillium islandicum. They also
established that toxic strains of this mold produced two different meta¬
bolites which caused marked liver degeneration and cirrhosis in white
mice.
Russian workers have also called attention to the toxicity of vari¬
ous fungus species. Levitskii and Koniukhova (1947) reported that Asper¬
gillus nidulans, A. flavus, A. fumigatus and A. niger were toxic to
rabbits. Joffe (1962, 1964) presented evidence that the mycoflora of
overwintered grain was responsible for alimentary toxic aleukia in man.
Three species, Fusarium poae, Fusarium sporotrichioides and Cladosporium
epiphyllum, were notable for their frequency of occurrence on over¬
wintered grains and soil and for the preponderance among them of highly
toxic isolates.
Recently, a great deal of interest has been aroused by the discovery
of a new group of mycotoxins, which have been named "aflatoxins." These
toxins were found to be produced by certain species of Aspergillus, viz.,
A. flavus, Aspergillus parasiticus Speare, and Penicillium puberulum.
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Interest in this family of fluorescent mycotoxins arose after Sargeant
et al. (1961) established that- the death of a large number of young
turkeys in Great Britain in 1960 resulted from a group of hepatoxins
produced by A. flavus. As a result the so-called Turkey "X" disease
was traced to toxic compounds produced by the fungus in a peanut meal
incorporated into turkey feed. The identification of the fungus was
made by J. J. Elphick of the Commonwealth Mycological Institute.
Butler (1964) and Spensley (1963) reported that even low levels
of aflatoxins caused development of hepatomas in various animals. More
recently longh ^ al. (1964) also found that cows, if fed aflatoxin Bj^,
secreted in their milk compounds structurally related to aflatoxins
which induced liver lesions in ducklings identical with those formed by
aflatoxin carcinogens. Forgacs and Carll (1966) have suggested that
fungi found in tobacco products may have a bearing on the lung cancer
problem. Reviews on the aflatoxin problem have been published by Spens¬
ley (1963), Hesseltine et al. (1966), and Hesseltine (1967).
Since the original recognition of the aflatoxin problem as one of
mold contamination by Sargeant et al. (1961), several investigators have
reported experimental data on the production of aflatoxins by toxin
elaborating strains of A. flavus growing on a number of agricultural
products under controlled conditions. A. flavus has long been known to
be one of the most abundant of the Aspergilli, being cosmopolitan in
distribution and occurring on a wide variety of substrates (Raper and
Fennell, 1965).
Sargeant ^ (1961) grew cultures of A. flavus for 7 days at 27 C
on heat-sterilized, nontoxic peanuts. After incubation, extracts pre-
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pared from the moldy nuts showed a blue fluorescent material that
proved to be lethal to one-day-old ducklings. In a later paper. Ser¬
geant and Camaghan (1963) reported that material grown under the previous
conditions was ten times more toxic than any in naturally occurring peanut
meals. Other investigators have used sterilized peanuts inoculated with
A. flavus to produce aflatoxin. Diener ^ al. (1965) used autoclaved,
shelled and sterilized peanuts, but allowed the fungus to grow for three
weeks. About 80% of the A. flavus isolates produced aflatoxin to some
degree. Ninety per cent of the isolates produced primarily aflatoxin
whereas, about 107. produced both aflatoxins and Zijden e^ al.
(1962) and longh e^ al. (1962) produced aflatoxin by growing A. flavus
on well-crushed sterile peanuts. Codner £t al. (1963) reported aflatoxin
levels ranging from 14-265 mg per kilograms of substrate when six strains
of A. flavus-oryzae were cultured separately on sterilized peanuts.
Although total aflatoxin production varied with strains, the relative
proportion of (^0!l550:l) were found to be reasonably con¬
stant.
Other investigators have used either crushed or shredded wheat as
a culture substrate. Schumaier e;t (1961) grew A. flavus on whole
vdieat or ground vdieat and allowed the material to incubate at room tem¬
perature for 15 days. Armbrecht and Fitzhugh (1963) likewise used steri¬
lized, moist wheat as a substrate. Their material was incubated for 5 to
7 days, during which time a very heavy mat formed. During sporulation,
fluorescence increased. Bixler and Lopez (1963) grew A. flavus on vdieat
grains, fed these to chickens, and noted wei^t loss, poor appetite, and
liver damage. Crushed, sterilized wheat was also used by Asao et al.
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(1963) and Chang ^ al. (1963) to produce aflatoxin. The latter workers
reported the production of aflatoxin B2 by culturing A. flavus for 7
days on sterile, cracked wheat incubated at 30 C. The isolated B2 was
produced in very small amounts along with B^ and Gj^. Newbeme ^ al.
(1964) prepared aflatoxin by growing A. flavus on coarsely ground wheat.
The wheat was soaked in distilled water and this resulted in substrate
having a moisture content of 30 to 407.. Fermentation was carried out
for 7 days at 30C. Diener and Davis (1966) produced aflatoxin by cul¬
turing isolates of the A. flavus group on shredded wheat for 10-14 days
at 25 C (+1).
Rice has been reported to be an excellent substrate for aflatoxin
production by A. flavus. Armbrecht £t al. (1963) demonstrated that
high aflatoxin levels were produced when a number of A. flavus strains
were grown on rice under moisture and temperature conditions favorable
for mold growth, although absolute aflatoxin levels in relation to sub¬
strate was not reported. More recently Hesseltine et al. (1966) reported
that rice not only supported growth of three aflatoxin elaborating A.
flavus strains in both still and shake cultures, but produced appreciable
amounts of aflatoxins. They found that both total aflatoxin levels and
the ratio of B-^:B2:G2^:G2 varied with substrate and mold strain. The
optimal incubation condition for the formation of aflatoxins Bj^ and G^
was 5 days at 28 C.
Synthetic media have been used to produce aflatoxin. Sargeant et al.
(1961) grew cultures of A. flavus for 7 days at 27 C on Czapek solution
agar, and a toxic substance similar to that from toxic peanuts was iso¬
lated. Armbrecht et (1963) used Czapek solution medium and agar with
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and without the addition of O.lg of zinc sulfate per liter, and a glu¬
cose ammonium nitrate medium. Cultures were grown at 25 to 27 C for
6 to 10 days in Fembach flasks and were then killed with chloroform.
Nesbitt ^ al. (1962) likewise used a Czapek Dox medium to idiich zinc
sulfate was added to increase the yield of aflatoxin. Forgacs and Carll
(1964) grew cultures of A. flavus for 28 days at 24 C in petri dishes
on Czapek solution agar and for only 13 days on Mycophil agar.
Newberne ^ al. (1964) studied submerged fermentations of A. flavus
cultures in 100-liter fermentors containing Czapek solution supplemented
with 0.1% com steep liquor. The fermentation was carried out for 6
days at 30 C with both aeration and agitation.
For studies of the incorporation of labeled compounds into aflatoxin,
Adye and Mateles (1964) also used a S3mthetic medium. In a second paper,
these authors reported yields of 25 to 100 mg per liter of aflatoxin in
2 to 4 days. They found that optimal production occurred at pH 3, and
that none was produced when the pH was held at 4. With uncontrolled
fermentation, the pH dropped to 2, resulting in lower yields of aflatoxin.
Glucose, sucrose, and fructose were found to be the best carbon sources,
whereas, little or no aflatoxin was produced with lactose, galactose,
maltose, xylose, sorbose, sorbitol, mannitol, glycerol, acetate, succi¬
nate, and malate.
Diener and Davis (1966) used a semisynthetic medium for aflatoxin
production. Their medium contained the following components per liter;
sucrose, 200g; magnesium sulfate, 0.5g; potassium nitrate, 3.0g; and
Difco yeast extract, 7.0g. Isolates of A. flavus were cultured in 100
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ml of this medium in Erlenmeyer flasks and incubated for 8 days at 25 C
(±1).
Smith and McKeman (1962) grew A. flavus in penicillin flasks on
a glucose-ammonium nitrate medium at 27 C for 9 days. This medium was
also used by longh et al. (1962).
Probably the most important paper on the production of aflatoxin
in artificial media is the one published by Codner e^ al. (1963), xdio
first used a Czapek-Dox medium containing com steep liquor. They
reported yields of 100 to 200 mg per liter when isolates were cultured
in 250 ml flasks on a rotary shaker for 3 days. However, when the same
medium and cultures were used in 3-to-20 liter, stirred, serated fermen¬
ters, no aflatoxin was produced. Consequently, they chose to produce
aflatoxin in 250 ml flasks containing 75g of shelled peanuts and 18 ml
of water.
The relative production of various aflatoxins by A. flavus isolates
has not been adequately reported according to Hesseltine et al. (1966).
Some information, however, has been published on this subject. Austwick
and Ayerst (1963) studied toxic products in groimdnuts and reported data
on groundnut microflora and toxicity; their studies indicated that 11 of
59 isolates of A. flavus tested produced toxin. Hiscocks (1965) reported
that the majority of strains tested at the Tropical Products Institute
produced both B and G aflatoxins, v^ereas some A. flavus strains pro¬
duced only B and others only G.
Diener and Davis (1966) screened isolates of A. flavus for aflatoxin
production on peanuts and in a nutrient solution. About 80% of the A.
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flavus isolates produced aflatoxin to some degree. Ninety per cent of
the isolates produced primarily whereas about 107. produced both
aflatoxins and Gj^. Optimal temperature for aflatoxin Bj^ production
by A. flavus on peanuts and in nutrient solution was 25 C for incubation
periods of 7 to 9 days. Optimal temperature range for aflatoxin produc¬
tion by Aspergillus parasiticus on both media was 25 to 30 C. Aflatoxin
levels were high throughout the 7 to 21 day incubation period. The
proportion of aflatoxin Bj^ to aflatoxin was found to vary with the
temperature.
Hesseltine £t al. (1966) reported that the amount of toxin produced
by different strains of A. flavus varies appreciably; a few strains they
examined did not produce any aflatoxin. Similarly, Diener and Davis
(1966) mentioned that they and other workers observed that A. flavus
isolates frequently lose their ability to produce aflatoxin after main¬
tenance in pure culture for some time.
The structure and chemical characteristics of four aflatoxins,
designated B^, B2, and G2, has been established. Asao £t al. (1963)
and Hartley et al. (1963) established that aflatoxin Bq and G]^ were
difurano-coumarin derivatives. Aflatoxin B2 and were found to be
dihydro derivatives of the respective B^ and G^. They also determined
the molecular weights of 'B2, Gj^, and G2 to be 312, 314, 328, and
330, respectively. Melting points of the compounds were as follows: B^^
(265-270 C), B2 (305-309 C), G-^ (247-250 C), and G2 (237-240 C). The
molecular formulas for Bj^, B2, Gj^, and G2 were found to be Ci7Hj^2®6>
C17H14O6, ^17^14^7’ respectively. Emission wave-length
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for and B2 was found to be 425 m^, but in Gj^ and G2 it was 450
Aflatoxin G was described as a blue fluorescent compound and G as a
green fluorescent compound. Standard absorptivity values for aflatoxin
B]^ and G-^ have been described by Chang et £l. (1963). According to
these investigators aflatoxin B2^ showed ultraviolet absorption maxima
Eton
at X 223 25,600), 265 (£ 13,400), and 362 in^ (£ 21,800). Afla-
EtOH
toxin Gj^ showed ultraviolet absorption maxima at X 243 (£ 11,500),
257 (£ 9,900), 264 (£ 10,000), and 362 m>i (£ 16,100).
Lijinsky and Butler (1966) investigated methods of purifying afla¬
toxin G by thin-layer chromatography and found that highly purified
aflatoxin Gj^ was a blue fluorescent compound and not, as previously
reported, green fluorescent. The green color was attributed to the
presence of a yellow impurity. These investigators also found that afla-
toxins were quite labile in light in aqueous solution; whereas, they were
fairly stable in aqueous solution in the dark. Nabney and Nesbitt (1965)
indicated that aflatoxins were also labile when refluxed in methanol.
Zijden £t al. (1962) found that the toxin residues that they
obtained were sensitive in hydroxylic solvents such as water, methanol,
ethanol, acetic acid, and particularly in the presence of oxygen. Irradi¬
ation with ultraviolet light caused fading of the fluorescence, and a
change in the ultraviolet absorption spectrum. Aflatoxins were also
found to be sensitive to acids and bases. In 1966, Coomes ^ a^. showed
that aflatoxins were affected when autoclaved in steam for extended
periods.
Most current procedures for .aflatoxin determination have been
designed for the determination of aflatoxin in peanut products, according
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to a review of methods by Broadbent £t al. (1963) and Chen and Friedman
(1966). However, increasing attention has been given to aflatoxin
determination in other agricultural materials. Typical older "classi¬
cal" procedures involved prolonged methanol extraction with a Soxhlet
extractor and extract purification by liquid: liquid extraction (Trager
et al., 1964). Typical of newer improved analytical procedures is the
"equilibrivim extraction" method using a blendor and solvent such as
methanol-water, acetone-hexane-water, or aqueous acetone. Following
extraction the extract is purified by chromatography on a Celite or
Florisil column or by liquid: liquid extraction. These techniques were
used by Nesheim (1964), Heusinkveld et (1965), and Robertson, et al.
(1965), respectively.
Hesseltine £t al. (1966), recently proposed a method for the analy¬
tical determination of aflatoxins for application to many agricultural
materials. Aflatoxins were rapidly extracted free of lipid contamina¬
tion with 70% acetone. Many interfering pigments were removed from the
crude extract by precipitation as insoluble lead derivatives by transfer
aflatoxins into chloroform and further purification of the chloroform
extract with a silica gel column.
The ability to separate the four aflatoxins by thin-layer chromato¬
graphy on silica gel forms the basis of most current analytical methods
for these materials. Earlier work by Sargeant ^ al. (1961) provided a
sensitive biological method of detecting aflatoxins in groundnut products.
Their method of aflatoxin identification utilized chromatography on
alumina to concentrate the toxin followed by paper chromatography with
Whatman No. 1 paper. The developing solvent used was n-butanol-5 per
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cent acetic acid. This solvent system yielded a single spot, Rf 0.7,
which emitted a bright blue fluorescence in ultraviolet light. This
spot corresponded to aflatoxin B^. Zijden ^ a^. (1962) described
examination of aflatoxin extracts from A. flavus by thin-layer chroma¬
tography on Kieselgel G. Chromatography of the chloroform extract
developed with chloroform containing 0.25 per cent ethanol gave a single
blue-violet fluorescent spot on the chromatoplate.
Nesbitt ^ al. (1962) did further work on the purification and
identification of aflatoxins described by Sargeant ^ al. (1961). The
fluorescent material which Sargeant e^ al. described as running on paper
in n-butanol-acetic acid at Rf 0.7 was further resolved on alumina chro¬
matoplates in chloroform containing 1.5 per cent methanol. Two spots
which fluoresced in ultraviolet light were obtained; one running at an
approximate Rf of 0.6 with a violet-blue fluorescence and the other
running at a somewhat slower rate and having a green fluorescence. For
convenience, these were referred to as Aflatoxin *B' and Aflatoxin 'G',
respectively.
Aflatoxins B2 and G2 were first described by Hartley £t al.. (1963).
Their analysis of crude aflatoxin from groundnuts on silica gel-G chro¬
matoplates showed that the crude mixtures contained aflatoxins Bj^, B2,
G^, and G2 in the approximate ratio 40:1:50:1. The plates were developed
with chloroform containing 0.25 per cent methanol.
More recently Robertson et^ al. (1965) and Pons and Goldblatt (1966)
have used Silica Gel G-HR for thin-layer chromatography of aflatoxins.
This pre-purified absorbent (HR material) allowed better separation of
the compounds since they had Rj values close to "1.0".
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Experiments by various investigators have demonstrated that develop¬
ment of thin-layer chromatography (TLC) plates in lined and unlined
tanks affects the resolution of individual aflatoxins. Development with
37o methanol in chloroform in lined and equilibrated tanks (Robertson
^ al., 1965) Pons and Goldblatt, 1965; Diener and Davis, 1966; Hessel-
tine et , 1966) resulted in satisfactory aflatoxin resolution. The
saturated atmosphere inside of the tanks lined with filter paper produced
rounder spots and shortened developing time by at least one-third. On
the other hand Eppley (1966) achieved improved resolution in unlined and
unequilibrated tanks. In unlined tanks R£ values were higher and
development time was increased from 40 minutes to 60 minutes for a 14-cm
development. R^ values in unlined chambers usually exhibited more
variability when compared with those in lined and equilibrated tanks.
Various methods have been described for determining aflatoxin in
different agricultural products. However, most analytical procedures
for the estimation of aflatoxins in agricultural products utilize thin-
layer chromatography of partially purified extracts on silica gel-coated
plates for the separation and resolution of individual aflatoxins. In
several of these, developed plates were examined under near ultraviolet
light (long-wave 365 mu) and aflatoxin concentrations were estimated
subjectively. This is done by visual comparison of the fluorescence
intensities of the aflatoxin spots in sample aliquots with those of
approximate aflatoxin or standards chromatographed on the same
plate. Coomes et al. (1963), (1964), Nesheim (1964), longh et al. (1964),
Robertson et al. (1965), and Pons and Goldblatt (1965) used this method
for quantitative estimations of aflatoxin levels. In these estimations
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the intensity of blue and green fluorescent bands on silica gel plates,
under long-wave ultraviolet light with external and internal aflatoxin
standards, was observed and compared. However, due primarily to the
difficulty of estimating small differences in fluorescence intensity
with the eye, visual analysis was accurate to no more than about +207..
In one group of methods, Commes e^ al. (1963, 1964) and Broadbent
et al. (1963), the final determination is based upon the smallest weight
of toxin giving a detectable fluorescence under carefully controlled
conditions. Other methods, Le Brenton ^ £l. (1962), Salmon and New-
beme (1963), Butler and Barnes (1963), and Barnes and Butler (1964),
involve comparison with standards of pure toxin run alongside, but their
applicability is limited by the difficulty of obtaining pure aflatoxin
and the undesirability of frequent handling of this potentially hazar¬
dous substance.
Procedures based on quantitative ultraviolet spectrophotometry of
the aflatoxins are also extant; these are more accurate than the sub¬
jective methods, but are lengthier. Coomes et al. (1965) proposed a
method of determining aflatoxin Bj^ and levels in chloroform extracts
on Kiesselgel G by a dilution technique, expressing the levels in terms
of categories. Examination of the resulting chromatogram with ultra¬
violet light at 365 mjji permitted the toxicity level of the sample to be
classified as very high (greater than 1000 ^Jig per kg), high (250 to
1000 ^g per kg), medium (50 to 250 ^g per kg), or, low or negative (less
than 50 ^g per kg). The assignment to fairly broad categories sufficed
for most purposes since the attempt to determine visually precise afla¬
toxin levels was difficult even with a pure comparison standard run
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alongside the sample. According to Nesheim et al. (1964) and Ayres £t al.
(1965) visual analysis is accurate to no more than about +20%.
Recently Pons, Robertson and Goldblatt (1966) made fluorometric
measurements of aflatoxins on TLC plates. Measurement of the solid
state fluorescence of aflatoxins on silica gel-coated TLC plates on a
densitometer equipped for fluorescence measurements showed a linear
relationship between emitted fluorescence and concentration. Aflatoxins
were measured with a precision of +2-4%. Hesseltine ^ al. (1967) also
estimated aflatoxin concentrations with a recording densitometer by the
method developed by Stubblefield et al. (1967).
CHAPTER III
MATERIALS
Seven Isolates In the Aspergillus flavus group that were suspected
of being aflatoxin producers were used in this investigation* Each of
these cultures was originally isolated from soil samples in West Paki¬
stan and shipped to Dr* C. R. Benjamin, head of Mycology Investigation
Section, Agricultural Research Service, United States Department of
Agriculture, Beltsvllle, Maryland* The cultures, along with several
others, were subsequently sent to the Department of Biology, Atlanta
University, by the National Fungus Collections for identification stud¬
ies* Later, seven members of the A. flavus group were identified in
the collection and chosen for this investigation. The seven Isolates
from the collection used in the present investigation were C148, C214A,
C215, C]^222, C245b, C249 and C308a^. For purposes of convenience these
isolates will be referred to in this paper as AU148, AU214, AU215,
AD222, AU245, AU249, and AU308. These nxunbers are the stock culture
numbers in the fungus culture collection of the Atlanta University
Department of Biology*
The isolates selected for use in this study have been screened for
aflatoxlns B^, 82* and G2 production on three different media, viz.,
rice, shredded wheat, and a semisynthetic liquid medium* Also, a quan¬
titative comparison of the levels of aflatoxin B^^ and production by
each strain on the three media has been made*
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The isolates used in this study were cultured in 2800 ml Fem-
bach flasks and were incubated at 25 C (+1) in a fluorescent illumi¬
nated lab-line Environ Room. Isolates were cultured on the rice medium
for 5 days, on the wheat medium for 10 days, and in the liquid semi-
synthetic medium for 8 days. At the end of the incubation period the
fungus was sprayed with chloroform to kill the spores and stored at
-5 C until ready for assay (Hesseltine et ^., 1966). Aflatoxins, free
of lipid contamination, were rapidly extracted from the rice and wheat
media by "equilibrium extraction" with 70% acetone in a Waring Blendor
(Pons and Goldblatt, 1965). Extraction of the aflatoxin compounds from
the semisynthetic liquid medium was accomplished by refluxing the crude
aqueous extract with chloroform (Diener and Davis, 1966). Following
extraction, many interfering pigments were removed from the aqueous
acetone extracts by precipitation of insoluble lead derivatives with a
20%, lead acetate solution. The precipitate was separated from the
extract solution with an lEC Model B-20 heavy-duty refrigerated high¬
speed centrifuge.
Following centrifugation, aflatoxins in the supernatant were quan¬
titatively separated from excess lead salts, extracted into chloroform,
and further purified in a "clean-up" step with a silica gel chromato¬
graphic column (Pons and Goldblatt, 1966). The chloroform extract was
then concentrated to drjmess ^ vacuo on a rotary evaporator and diluted
with 5 ml of chloroform in screw-capped test tubes. Extracts obtained
in this manner were low in total solids and pigmentation. When not in
use, test tubes containing the extracts and standard solution were
placed in a screw-capped jar containing several milliliters of chloro-
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form and stored at 0 F. When necessary final chloroform extracts were
either further concentrated or were diluted for thin-layer chromato¬
graphic analysis on silica gel-coated plates.
Chromatoplates were prepared by coating glass plates (20 x 20 cm)
with Silica Gel G-HR, a product of Brinkmann Instruments, Inc., using
a Desaga-Brinkmann thin-layer chromatographic apparatus with an adjust¬
able applicator. Plates were then air dried and activated in a drying
oven and stored in a desiccating storage cabinet until ready for use.
Aliquots of the purified extracts and the aflatoxin standard, SA
5-3, kindly furnished by Dr. Leo A. Goldblatt of the Southern Utiliza¬
tion Research and Development Division, Agricultural Research Service,
United States Department of Agriculture, New Orleans, Louisiana, were
spotted on chromatoplates with a 10^1 Hamilton style 701-SN microliter
syringe.
Chromatoplates were first developed in a lined and equilibrated
tank. The solvents used were chloroform-methanol (97:3 v/v), chloro¬
form-diethyl ether-acetic acid (40:40:20 v/v), and chloroform-acetone
(85:15 v/v). These solvents were used to see which one would give the
best separation of the compounds being identified. Similarly, duplicate
plates of each extract were developed in an unlined and unequilibrated
tank in order to make a comparison of R^ values under the two conditions.
The detection and identification of any aflatoxin components in the
chloroform extracts was determined by observing the chromatoplates under
a long wave UV lamp, Blak-Ray Model XX-15, Ultraviolet Products, San
Gabriel, California. The blue and green fluorescence of the standard
aflatoxins Bj^ and G]^ were observed and compared with the sample spots
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for corresponding fluorescence at the same values. Because of its
susceptibility to interferences, fluorescence was used only as a
preliminary method of quantification (Lijinsky and Butler, 1961).
The quantitative analysis of aflatoxin mixtures was made with a
Bausch and Lomb Spectronic 600 recording spectrophotometer using a
tungsten lamp above 350 mp.. Absorbed fluores-cent material was eluted
with ethanol-chloroform (3:1), evaporated to dryness in vacuo, and
diluted in 3 ml of 95% ethanol for spectrophotometric analysis. The
concentration of the components was determined by using standard
absorptivity values (Chang et al., 1963).
Methods of Procedure
The Aspergillus isolates utilized in this study were grown in
petri dishes on Czapek's solution agar containing 3% sucrose (Fig. 1).
Czapek's solution agar was used because most taxonomic descriptions of
species of Aspergillus are based on the morphologic and cultural char¬
acteristics induced by this medium (Figs. 2, 3) (Raper and Fennell,
1965). Cultures were incubated for 10 days at 25 C (+1) in a fluores¬
cent illuminated environmental room. According to Raper and Fennell
(1965), the majority of Aspergilli grow well and sporulate abundantly
at temperatures of 23-26 C and some display phototropism. On account
of this, temperature and li^t conditions were standardized throu^out
the experiment.
Spore inoculum of the seven isolates was obtained by culturing the
fungi on tube slants of Czapek's solution agar containing 3% sucrose,
modified with 7 g/liter of Difco yeast extract (Diener and Davis, 1966).
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Fig. 1. A. flavus, on Czapek's solution agar.
X 1%.
Fig. 2. Typical mature conidial head characteris¬
tic of A. flavus group (CH). X 50.
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Fig. 3. A. flavus, typical conidiophore head showing
one series of sterigmata (S). Vesicle (V);
Conidiophore (C).
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Abundant sporulation was achieved on this medium. Czapek's solution
agar containing 20% sucrose, as recommended by Thom and Raper (1945),
was not 9sed. Tube cultures that were at least 7 days old and not
more than 21 days old were used to prepare spore suspensions for
inoculating culture flasks.
Spore suspensions used as inoculum were prepared by adding 3 ml
of 0,005% Tween 80 solution to each of the culture tubes. The deter¬
gent served as a wetting agent for the spores. The surface of the
slant was gently scraped with a sterile loop and the tube was thoroughly
shaken. A separate tube culture of each isolate was used to prepare
inoculum for each individual flask used in the three experiments.
Aflatoxin production was evaluated on a rice, shredded wheat, and
a liquid medium. An experimental series consisted of seven Fembach
flasks (2800 ml) for each medium. This resulted in a culture flask of
each medium for each of the isolates. For the rice cultures 400 g of a
polished long-grain rice (Comet Brand) were placed in a culture flask.
Following the procedure of Sorenson e^ al. (1965), the rice was allowed
to stand for two hours in 200 ml of distilled water. This mixture was
subsequently autoclaved for 15 minutes at 15 psi. Similarly, Fembach
flasks containing 300 g of shredded wheat (Nabisco Chex) in 150 ml of
water, and flasks containing 500 ml of the liquid medium, were auto¬
claved for 20 minutes at 15 psi (Diener and Davis, 1966). After cooling,
the flasks were inoculated with 1 ml of spore suspension per 100 g of
substrate. Experimental flasks and uninoculated control flasks were
incubated at 25 (+1) in a fluorescent-lighted Environ Room. Rice, wheat
and liquid cultures were incubated for 5, 8, and 10 days, respectively.
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During the incubation period, rice and wheat cultures were vigorously
shaken by hand twice daily to prevent substrate clumping and to improve
mycelial aeration, thereby promoting better growth.
After incubation, the rice and wheat cultures were sprayed with
chloroform to kill the spores. These culture flasks were subsequently
stored at 0 F until assayed for aflatoxin content (Sorenson et al.,
1966). Likewise, the fungus in the liquid flasks was sprayed with
chloroform and the mycelial mat was separated from the liquid medium
by filtering the mixture, under suction, through a Buchner funnel. A
volume of at least 250 ml of filtrate containing the aflatpxins was
collected from each flask. Following the technique of Lijinsky and
Butler (1966), filtrates were kept in stoppered flasks wrapped with
aluminum foil to protect the mixture from light. These flasks were
stored in a refrigerator.
Aflatoxins were extracted from the rice and wheat cultures by mixing
the fermented substrates for 2 minutes in a Waring Blendor. This tech¬
nique involved blending 100 g of the original medium with 250 ml of 707.
acetone (Hesseltine et al., 1966). The resulting slurry was filtered
through a Buchner funnel and 150 ml of the clear filtrate was collected
in a flask wrapped with aluminum foil and subsequently stoppered. Fol¬
lowing separation, the aqueous solution was placed in a 400 ml beaker
marked at 150 ml, then 60 ml of distilled water, 20 ml of 20% lead
acetate solution, and several carborundum boiling chips were added to
the beaker. The solution was boiled on a steam bath until the volume
was reduced to 150 ml. This method resulted in the removal of many inter¬
fering pigments from the crude extracts by precipitation as insoluble
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lead derivatives (Pons and Goldblatt, 1965). According to Pons and
Goldblatt (1965), these lead derivatives were found to be partially
soluble in 70% acetone, but practically insoluble in 20% acetone.
Accordingly, in their analytical procedure they evaporated the solution
to 150 ml which reduced the acetone concentration to about 20% by volume
After cooling, the lead precipitate was removed by centrifuging for 10
minutes at 5000 rpm. The centrifugate was decanted into a leak-proof
Squibb type 250 ml separatory funnel fitted with a Teflon stopcock. For
complete recovery of the aflatoxins, the precipitate was dispersed in
60 ml of 20% acetone, recentrifuged, and the wash solution combined with
the original centrifugate, prior to extraction of the aflatoxins with
chloroform. The combined solution was extracted by vigorously shaking
it for one minute in 50 ml of ACS grade chloroform. The phases were
allowed to separate and the lower chloroform phase was filtered through
a small sodium sulfate drying tube into a 250 ml beaker.
Chloroform extracts were concentrated to 2-3 ml by evaporating the
extracts on a steam bath under a hood. Afterwards, highly colored
extracts were quantitatively transferred and absorbed on a silica gel
column (Pons et al., 1966) in a further "clean-up step" to remove extran
eous fluorescent materials and pigments. Seventy-five ml of ether were
percolated through the column and the ether eluate discarded. Subse¬
quently, the aflatoxins were eluted from the silica gel with 50 ml of
3% methanol-chloroform. The final extracts were substantially lower in
total solids and residual pigmentation. This was especially helpful in
extracts containing low levels of aflatoxins, when extracts had to be
concentrated to a small volume prior to spotting on a TLC plate. The
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silica gel colvunn was not used for extracts containing low amounts of
interferences and a small column of anhydrous sodium sulfate was sub¬
stituted to remove traces of water*
Aflatoxins were extracted from the liquid medium by vigorously
refluxing the filtrate with chloroform (100:30 v/v) for one hour* The
chloroform layer was obtained from a separatory fxmnel, concentrated
to 2-3 ml on a steam bath and "cleaned-up", when necessary^ on a silica
gel chromatography column as previously described* Chloroform extracts
were evaporated to dryness vacuo * the residues weighed, and redis¬
solved in an estimated volume of chloroform for TLC analysis.
Diluted extract samples were kept in vials stoppered with a tlgjit-
fltting polyethylene stopper, punctured to accommodate the needle of a
10 ^1 syringe* Mien not in use, vials were kept in aluminum foil wrapped
jars containing a few milliliters of chloroform and stored in a refrige¬
rator freezer compartment* Storage imder these conditions minimized
evaporation of the extracts, oxidation or destruction of aflatoxins, and
moisture condensation in the chloroform solution. Before use, the jar
and vials were equilibrated to room temperature.
Chromatoplates that were 500 ^ thick were used for analytical
studies* These plates were prepared with a Desaga-Brinkmann Thin Layer
Chromatographic apparatus* Before coating, the glass plates (20 X 20 cm)
were washed In hot soapy water, thoroughly rinsed in distilled water and
wiped with a few milliliters of alcohol*
Five chromatoplates were prepared at a time* To coat the plates,
50 g of Silica Gel 6-HR, Brinkmaim Instruments, Inc,, and 100 ml of dis-
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tilled vater were shaken in a 300 ml Erlenmeyer flask for one minute}
this loixture was immediately poured into the applicator and applied to
the plates. Coated plates were air dried in position on the mounting
board for 30 minutes, and then dried in an oven for 2 hoixrs at 105 C,
After drying, plates were cooled and stored in a desiccating cabinet
With active desiccant until ready for use* Before use, plates were
carefully examined in transmitted and reflected light for imperfections
and irregularities in coating. Any plates showing extensive rippling or
mottling of the layer were discarded.
Chromatoplates were prepared for development before spotting the
sample extracts. The side of the plate opposite to the direction in
which the layer was applied was used for spotting as well as for start¬
ing the solvent front. Before spotting, a 5 mm strip of the absorbent
was r^noved from along the edge of the glass. Likewise, a 5 mm strip
of the layer on both sides of the ELC plate parallel to the direction of
solvent system migration was removed in order to obtain an even advance
of the solvent. Uneven solvent advance, also called "edge-effect", can
be caused by differences in the vaporization rate of the solvent in the
middle of the glass plate and at the edge of the plate.
Aflatoxin extract samples and the aflatoxin standard were spotted
with a 10 ^1 syringe. Using a 10 ^ Hamilton syringe, 3, 5, and 10 >0-
of the chloroform extracts and 3, 5, and 10 jxl of the aflatoxin standard
was spotted on a TLC plate. Por optimum quantitative analysis, the
extracts were spotted in 1-2 >>.1 increments. Solvent evaporation was
hastened by gently blowing on the spots. Small samples and standard
spots were obtained this way. The spots were placed along a line about
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2 cm from the bottom of the plate to avoid their being immersed in the
solvent at the bottom of the development tank. On the same plate,
another 10 ;yLl of the sample extract was spotted, and directly on top of
it, 5 ^1 of the standard was spotted, as an internal standard. After
the spots had dried, the plates were placed vertically in a developing
tank which had been filled with the solvent to a height of 1.0 cm.
Thin-layer Chromatography (TLC) plates were developed in equili¬
brated, lined and unequilibrated, unlined tanks. The tank was a Brink-
mann Instruments, Inc. type, that was 8.5" wide X 8.5" high X 4.5" deep
and was fitted with a ground glass cover. Sheets of chromatography paper
were cut and used to line all four sides of the tank Tdien equilibrated,
lined tanks were used. Several solvents were used to develop the plates
under the two conditions in order to compare R£ values. The solvents
used were chloroform-methanol (97:3 v/v), chloroform-disthyl ether-acetic
acid (40:40:20 v/v), and chloroform-acetone (85:15 v/v). The solvent
migration distance for all developments was 14 cm,
Aflatoxins were detected in sample extracts by examining their
chromatogram patterns under a long wave ultraviolet lamp in a dark room.
Visible fluorescent spots were marked on the plates with a probe and the
color noted. Sample spots were compared with standard aflatoxins on the
same plate and with the internal standard. Fluorescent spots in the
samples thou^t to be aflatoxin B2, Gj^ or G2 were compared with Rf
values and color similar to B^^, ^2^ G2 standard. Positive
identification of aflatoxins in the samples was concluded only when the
unknown spot and the internal standard spot were superimposed. If the
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extract sample contained a suspected aflatoxln, the spot from the sample
and internal standard combined was more intense than either sample of
standard alone.
Estimation of the concentration of aflatoxin in the extracts was
made by absorption spectrometry (Lijinsky and Butler, 1966). Eor direct
spectrometrlc estlmtion the adsorbed fluorescent material was removed
from the developed chromatoplates and eluted with ethanol-chloroform
(3:1 v/v). Xhe elviate was evaporated to dr3mess in vacuo and diluted in
955» ethanol. Standard absorptivity values were used for aflatoxin
estimation. Aflatoxin B^ shows ultraviolet absorption maxima at
223 (€ 25,600), 265 (,£ 13,400), and 362 (€ 21,800) (Chang et al.,
1963). The absorption at 363 iq|UL was used for calculations of concentra¬






The seven Isolates of the Aspergillus flavus group screened for
aflatoxln production in this experiment grew well on rice, shredded
wheat chex, and semis3mthetic liquid media. After only 5 days at
25 C +1, isolates AU214, AU215, AU222, AU249, and AU308, on the rice
medium, showed abundant mycelial growth. Isolates AU245 and AU148
produced the least amount of mycelial growth. The relative amount of
mycelial yield produced by the different isolates on the rice substrate
was determined by weighing the fermented substrate produced by each
isolate after cultivation on 100 g of moistened rice. Afterwards, the
weight gained by each sample was calculated and the amount of mycelial
yield determined. The wei^t of the unfermented rice was subtracted
from the weight of the fermented rice and the difference was assumed to
represent the mycelial yield (Table 1). All |.solates, with the excep¬
tion of isolate AU249, formed mycelial growth in shades of green on
fermented rice substrates. Isolate A1I249 formed a brown-colored mycelial
growth. Growth of A, flavus on rice is shown in Fig, 4* No fungal
growth appeared in the controls.
The next best mycelial growth was produced by the semisjmthetic
liquid medium (Fig. 4), Isolates AU148, and AU245 grew faster than any
of the others. Isolate AU249 was the slowest growing isolate in the
group. After 8 days growth the mycelial mat completely covered the sur¬
face of the liquid medium in all of the culture flasks (Fig. 4), On
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Table 1* Mycelial yield produced by seven isolates of the
Aspergillus flavus group after 5 days growth on
a rice substrate.*
Isolate Unfermented Rice Fermented Rice Mycelial yield
g S g/100 g’^
AU148 100 136.5° 36,5
AU214 100 168,3 68,3
AU215 100 157.3 57.3
ATJ222 100 159.3 59.3
An245 100 139.8 39.8
ATI249 100 164.6 64.6
An308 100 144,0 44.0
®-All harvested on 5th day of fermentation.
Mycelial growth per 100 g substrate.
^Weigjits are averages from four replications.
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Fig. 4. Fembach culture flasks containing iso¬
lates of A. flavus on liquid (A) and
rice (B) media.
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this medium, heavy sporulation vas evident in all flasks except those
containing isolate AU249. Again, there was no evidence of mycelial
growth in control flasks.
Mycelial growth was slowest on the wheat medium* Relatively
abundant mycelial formation was evident only after 10 days of incuba¬
tion* Variations in growth rate between the different isolates was less
on the wheat medium than on the other media* All control flasks remained
sterile*
Characteristically, chloroform extracts from cultures grown on rice
contained a yellow pigment which was indicative of heavy growth. Chloro¬
form extracts from the wheat medium was a darker yellow than the rice
extracts except in the Instance of AU148 which was a li^t yellow. After
refluxing the liquid medium with chloroform, extract AU249 was found to
contain considerable yellow pigment. On the other hand, chloroform
extracts from the liquid medium Am48 and AU308 only had a yellow tint.
Coloring was almost absent in the chloroform extracts from the AU214,
AU215, An222, and AII245 liquid.
Thin-layer chromatography of semi-purified extracts revealed that
the seven Isolates produced aflatoxin on all three media (Figs* 5, 6, 7).
However, rice was a better substrate for aflatoxin production than wheat
or the semisynthetic liquid medium. High yields were obtained and less
time was required for aflatoxin formation on the rice substrate (Table 2).
The survey of amounts of aflatoxin produced on the three different media
was accomplished by thin-layer chromatography on Silica gel G-HR plates
500 fJi thick, activated at 105 C for 2 hours* Chloroform solutions
(10^1) of the aflatoxin extracts and standard solution were applied with
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Fig. 5. One-dimensional chromatogram of chloro¬
form extracts from isolates of A. flavus
cultured on rice (10 pi sample spots;
indicates weak fluorescence). Aflatoxin
(B) aflatoxin (G). Unlab led spots
are extraneous fluorescing materials.
Scale 4, aflatoxin standard; 6, isolate
AU308; 7, 8, isolate AU249; 10, isolate
AU245; 12, isolate AU222; 15, 16, isolate
AU214; 18, isolate AU148.
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Fig. 6. One-dimensional chromatogram of chloro¬
form extracts from isolates of A. flavus
cultured on wheat medium. (10 sample
spots). Aflatoxin (B) aflatoxin
(G). Spots left to right, aflatoxin
standard, isolate AU308, isolate AU249,
isolate AU245, Isolate AU222, isolate
AU215, isolate AU214 and isolate AU148.
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Fig. 7. One-dimensional chromatogram of chloro¬
form extracts from isolates of A. flavus
cultured on liquid medium. (10 >il sample
spots). Aflatoxin (B) aflatoxin Gj^
(G). Spots left to right, aflatoxin
standard, isolate AU308, isolate AU249,
isolate AU245, isolate AU222, isolate
AU215, isolate AU214 and isolate AU148.
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Table 2. TLC Assay of 7 aflatoxin-producing isolates
Aspergillus flavus group on three media.
in the
Isolate Rice - 5 days Wheat - 10 days Liquid - 8 days
AU148 +a + +
A0214 +++ +++ •H-
AU215 ++ ++ 4+
AU222 4-H- +++ •H-
AU245 + + +
AU249 +++ -HH- -H-
AU308 +++ +++ -H-
^As determined by visual evaluation of intensity of fluorescence of
chloroform extracts; +++ =» hi^ intensity; ++ “ moderate intensity;
+ «= low intensity
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a microsyringe and developed with a mixture of chloroform-methanol
(?7i3 v/v) in a lined equilibrated tank. The standard solution contain¬
ing 0*001 }xgj}xl aflatoxin 0,0003 /ig/^1 B2, 0,001 ;ig/;il and
0.0003 ;ig/;il G2 was spotted for comparisons with the unknowns. Develop¬
ment with chloroform-methanol (97{3 v/v) did not resolve aflatoxins Bj^
and B2 nor G^^ and G2 adequately in this experiment (Fig, 8). However,
Bj^ and G^ were adequately resolved (Fig, 9). Nevertheless, this techni¬
que was satisfactory for determining by the visual technique, the amounts
of total aflatoxin produced by the seven strains on the three media,
Althougji aflatoxin was produced on the three different media by all
of the isolates, the composition of the aflatoxin produced by the iso¬
lates varied (Table 3), In order to adequately resolve aflatoxins B^^,
^1* ^2* chloroform-methanol (97:3 v/v) was used for the
solvent in a lined, equilibrated tank, two developments of the plate were
necessary. Preliminary experiments showed that a single, one-dimensional
development was not adequate. Observation of the chromatograms after a
second development of the extracts with chloroform-methanol showed that
the single spot corresponding to aflatoxin Bj^ in a single development
could be resolved into two spots in some extracts (Fig. 9). The two new
spots corresponded to the positions of aflatoxins B^ and B2 in the
standard. The double-development technique with chloroform-methanol was
eliminated, however, after the preliminary experiments, in preference
of a better solvent.
The best solvent for adequate resolution of aflatoxins Bj^, B2»





Fig. 8. Color photograph of a chromatogram of
chloroform extracts from seven isolates
of A. flavus observed under long wave
ultraviolet light. Aflatoxin (B).
t
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Fig. 9. One-dimensional chromatogram, developed
twice, showing separation of a single
spot in first development of chloroform
extracts from isolates of A. flavus.
First development (1) second development
(2). Aflatoxin Bj^ (B) aflatoxin (G).
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Table 3* Results of the analyses of culture extracts of seven






®2 <^1 ®2 H ^2 % ®2 5l ^2 Gl ®2
AD148 ND ND + ND ND ND + ND ND ND
AU214 + + ND* ND + + ND ND + + ND ND
AD215 + + ND ND + + ND ND + + ND ND
AU222 + + ND ND + + ND ND + + ND ND
AU245 + ND ND ND + ND ND ND + ND ND ND
AU249 + + ND ND + + ND ND + + ND ND
An308 + + ND ND + + ND ND + + ND ND
®Data based on analyses from two sample extracts from three runs of
each medium.
^-hneans detected. Sensitivity of method approximately 0.001 |ig/100 g.
means not detected,
*Aflatoxln suspected In this isolate.
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(40:40:20 v/v). This solvent gave good resolution of the aflatoxin
standard and culture extracts in a single one-dimensional development
in a lined, equilibrated tank (Fig. 10), As a result, this solvent
Was used in all subsequent analyses of the culture extracts. Chroma¬
tograms with this solvent in unlined, unequilibrated tanks gave even
better separations of the aflatoxins.
Patterns of chromatograms developed in chloroform-diethyl ether-
acetic acid (40:40:20 v/v) showed that aflatoxins and B2 were present
in the extracts from isolates AU214, AU215, AU222, AD249, and AU308
from the three media. On the other hand, only small traces of aflatoxin
Bj^ was detected in the extracts from isolates AU148 and An245, and no
aflatoxin B2.
In the rice extract from isolate AU214 a spot corresponding to the
position of aflatoxin G-j^ in chromatograms of the standard appeared on a
few chromatoplates. The suspected spot exhibited a faint green fluores¬
cence and had an value similar to that of aflatoxin in the stan¬
dard. Additional spotting of the extract development did not consistently
yield spots with these characteristics (Fig. 11). The presence of alfa-
toxin was considered inconclusively determined for this isolate. A
similar fluorescing spot was not observed in extracts from the other
isolates.
The preparation of fermented substrates for TLC was difficult
because of the presence of pigments and extraneous fluorescent materials.
Both the lead acetate precipitation and silica gel column "clean-up step"
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Fig. 10, One-dimensional chromatogram showing sepa¬
ration of aflatoxins and B2 in a single
development of chloroform extracts from
isolates of A. flavus, Aflatoxin standard
(S).
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Fig. 11. One-dimensional chromatogram after a
single development showing an internal
standard (I) in chloroform extract of
isolate AU214. Aflatoxin standard (S).
Note absence of spot in extract (E).
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thin-layer plates for estimation of aflatoxin levels was used only as
a tentative measurement because even the partially purified extracts
contained a number of impurities that interfered. Consequently, fluores¬
cence was used with great caution for quantification because of its
susceptibility to interferences. Final quantitative determination of
aflatoxin concentrations were made by ultraviolet spectrophotometry.
Since rice was the best substrate for aflatoxin production, more
precise quantitation of aflatoxin production by the isolates on this
substrate was made by the method of abso?:ption spectroscopy. Purified
extracts of the isolates were initially diluted in 3 ml of 95% ethanol,
then placed in 1 cm path length spectrophotometer cells for readings.
The initial dilutions of extracts of isolates AU214, AU215, AIJ222, AU249,
and AU308 were found to be too concentrated for spectrometry and further
dilutions had to be made. Concentrations of aflatoxin in extracts of
isolates AIJ148 and AU245 were low and did not require further dilution.
Absorption spectra obtained from an automatic recording spectrophoto¬
meter (Figs, 12, 13, 14, 15) were interpreted and the concentration of
aflatoxin calculated. Concentrations of aflatoxin in the extracts
were estimated from the absorption at 363 m>jL in 1 cm path length cells.
After the recording of the absorption spectra from the ethanol dilutions
of the residues from the seven isolates, the concentration of aflatoxin
Bj^ produced by each isolate was calculated with the relationship A= € be,
where A“the absorbance of the sample at 363 m^, ^ =21,800 (standard
absorptivity value for aflatoxin at 363 n^), b=l (path length, 1 cm
of spectrophotometer cell), and c»concentration in moles/liter. The
detection limit for aflatoxin Bj^ in a 1 cm cell was determined to be
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Fig. 12. Absorption spectra of extracts from iso¬
lates AU148 (Left) and AU245 (Right).
Absorption of aflatoxin at 363 nift (B);
absorption of extraneous material (E).
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Fig. 13. Absorption spectra of extracts from iso¬
lates AU214 (Left) and AU222 (Right).
Absorption of aflatoxin at 363 m)ji. (B).
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Fig. 14. Absorption spectra of extracts from iso¬
lates AU308 (Left) and AU249 (Right).














Fig. 15. Absorption spectra of aflatoxin standard
(Right) and extract from isolate AU215
(Left). Absorption of aflatoxin at 363
m^ (B); absorption of aflatoxin at 257




2.3 X 10 m/1 or 2.15 jjg/3ml (3 ml “ Initial ethanol dilution of the
residue containing the aflatoxln from 100 g rice substrate). The con¬
centrations of aflatoxin determined by this method are listed in
Table 4.
Results from the determination of aflatoxin concentrations by
ultraviolet spectrophotometry shown in Table 4 indicate varied levels
of aflatoxin production in the Isolates. Commes e^ al. (1964) stated
that samples containing less than 50 ^g/kg are low or zero aflatoxin B^^
levels, 50 to 250 is medium, 250 to 1000 is higjh, and 1000 and above
are very hi^ levels of aflatoxin Bj^. According to this classification,
isolates AU214, AU222, AIJ249, and AU308 are very high aflatoxin pro¬
ducers, isolate AU215 is a high producer and isolates AU148 and AU245
are low producers.
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Table 4. Aflatoxin production levels, as determined by ultraviolet
spectrophotometry, of seven isolates in the Aspergillus




source Country Aflatoxin (pg/100 g)®
AU148 5 Soil Pakistan b
An214 5 Soil Pakistan 306
AU215 5 Soil Pakistan 81
An222 5 Soil Pakistan 461
AU245 5 Soil Pakistan b
An249 5 Soil Pakistan 535
AU308 5 Soil Pakistan 538
^Absorption at 363 mp in cells of 1 cm path length.
^Detected but the concentration could not be determined quantitatively
due to contamination by extraneous materials.
CHAPTER V
DISCUSSION AND CONCLUSIONS
The ability to separate aflatoxlns by thin-layer chromatography
on silica gel forms the basis of most current analytical methods for
these materials. The work of several investigators, notably, Robert¬
son et al» (1965), Pons and Goldblatt (1965), Diener and Davis (1966),
Sorenson et al, (1966), Hesseltine et al» (1966), have shown the relia¬
bility and speed of the technique. Further substantiation of the find¬
ings of these workers is provided in this investigation, for the results
furnish further evidence of the usefulness of thin-layer chromatography
as a technique for analyzing aflatoxin mixtures.
The majority, 5 out of 7, of the A, flavus isolates used in this
experiment prodixced aflatoxlns and B2 on the three culture media.
Two isolates produced only Bj^ on the three media, Aflatoxin G was not
conclusively detected in any culture extracts from any of the Isolates,
It was suspected, however, in extracts of isolate 214A* On a few chro¬
matoplates of this extract a spot suspected of being aflatoxin G was
observed. Repeated attempts to confirm the suspected spot as aflatoxin
G were unsuccessful.
The results obtained are in close agreement with previous reports
of aflatoxin production by isolates of A, flavus. Hiscocks (1965),
Diener and Davis (1966), and Sorenson ^ al. (1966) found that most
A, flavus isolates tested produced aflatoxin B and G on peanuts, wheat.
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and rice media. On the other hand, they found that some A. flavus
isolates produced only Q and others only B. Furthermore, according to
Diener and Davis (1966), cultures isolated from a variety of legumes,
other than peanuts, produced no aflatoxin G* This phenomenon may account
for the non-detection of aflatoxin G in the soil Isolates of A. flavus.
A survey of seven Isolates of A. flavus in this investigation
revealed great differences in capabilities of A. flavus to elaborate
a-fls-toxin. This finding agrees with studies of aflatoxin production by
different Isolates of A. flavus by Hesseltine et al» (1966). The best
aflatoxin producers in this experiment were isolates AU214, AD215,
An222, AII249, and AII308} the poorest producers were isolates AD148 and
AU245.
Chromatograms of culture extracts from wheat, rice and liquid media
revealed differences in levels of aflatoxin production on the three
media. These results agree with studies by Sorenson et al. (1966). The
TLC analyses in this experiment were accomplished by comparing fluores¬
cing zones with known quantities of standard aflatoxlns spotted on the
same TT^. plate* Assay by. this method is someidiat imprecise and accurate
only within a range of 20%. These determinations were not taken as
absolute numerical values. The technique, however, unquestionably indi¬
cated a difference in yield on the three media.
Total aflatoxin production was greatest on rice. Shotwell ^ al.
(1966) and Sorenson et (1966) also found that aflatoxin hi^ yields
were consistently evident when rice was the substrate. The level of
production on rice and wheat media was roughly con^iarable, whereas, the
liquid was the poorest of the three substrates.
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When the fermented rice substrate of the seven Isolates were
analyzed for aflatoxln, yields were lowest In culture flasks containing
the two least molded substrates* There was not always a direct rela¬
tionship, however, between the amoUnt of growth produced by each Isolate
and toxin yield. This finding agrees with the studies of Hesseltine
et al. (1968) on the formation of aflatoxin In forages.
Quantitative results obtained by absorption spectrophotometrlc
analysis of the rice extracts were In agreement with the results noted
from visual observations of preliminary TLC analyses of the same extracts.
Absorption spectrophotometry revealed that several of the A, flavus
Isolates examined were especially good producers of aflatoxln. These
Isolates and their corresponding concentrations are as follows: AU214
(306 fJg/lOO g), AU215 (81 fxg/loo g), AU222 (461 ;ig/100 g), AD249 (535
^g/100 g), and AU308 (538 /ig/100 g). Isolates AU148 and AU245 were
poor aflatoxln producers, Aflatoxln In these Isolates was detected
by spectrophotometry. However, the concentrations of Bj^ could not be
determined quantitatively due to contamination by extraneous materials,
even after repeated attempts at purification. The detection limit for
aflatoxln B^^ was 2,15 /tg in a 1 cm cell.
Absorption spectra of extracts from isolates 148 and 245 indicated
very low aflatoxln concentrations, but a high concentration of extran¬
eous material that showed absorption at 323 mji, Althou^ the aflatoxln
levels encountered In extracts from these isolates were too low to be
calculated by absorption spectrophotometry, the presence of aflatoxln
Bi In these extracts was confirmed by TLC analysis. This method was
sensitive enou^ to detect concentrations lower than the limit detectable
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by spectrophotometry using a 1 cm cell,
Xhe discovery of five highly productive strains of A, flavus
isolated from soil samples from West Pakistan, and used in this investi¬
gation, indicates the potential danger of aflatoxin contamination to
agricultural commodities during storage or in the field before harvest.
Commodities such as wheat, rice, com and sorghum have already
been shown to support fungi that form aflatoxins (Hesseltine et al.,
1966), Therefore, under favorable conditions of moisture and tempera¬
ture, these commodities and others might conceivably contain significant
quantities of aflatoxin if invaded by these isolates of A, flavus. On
the other hand, the higihly productive isolates might be utilized by other
investigators to produce aflatoxins for use in studies concerning their
toxigenic effect on different animals. Furthermore, these isolates
could serve as important sources of aflatoxin for use by human and
animal nutritionists in their studies on the fate of aflatoxins ingested
by farm animals that produce milk, meat, and eggs*
CHAPTER VI
SUMMARY
1, Seven isolate* of Aspergillus flavus. obtained from soil samples
in West Pakistan, have been analyzed for aflatoxin B^, 82*
find G2 production. The analysis of chloroform extracts from cul¬
tures of the Isolates was accomplished by thin-layer chromato¬
graphy on Silica gel G-HR coated plates. In order to verify the
presence of aflatoxins B^, B2, Gj^, or G2, aflatoxin standards
and internal standards were run on the same plates along with
unknowns.
2, Chromatogram patterns from TLC analysis have indicated that
aflatoxin B^ was produced by all seven isolates tested; the levels
of production varied, however. Aflatoxin B2 was detected only in
the five highly productive strains and not in the two low producers.
3, Best resolution of aflatoxins Bj^ and 82* in a single development,
was achieved with the solvent chloroform-diethyl ether-acetic acid
(40:40:20 v/v). Chloroform-methanol (97x3 v/v) was inadequate for
resolving aflatoxins B^ and B2 in this experiment,
4, Neither aflatoxin Gj^ nor G2 was conclusively detected in any of
the Isolates studied. However, a faint, green fluorescing spot,
corresponding to aflatoxin G^^ in the standard, was suspected on
a few chromatoplates from culture extracts of isolate AU214,
5, Thin-layer chromatography of semi-purified extracts from the
isolates cultured on rice, wheat, and liquid media revealed that
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aflatoxin production was best on rice and poorest on the liquid
medium*
6, A quantitative analysis of aflatoxin Bj^ production by the seven
isolates cultured on the rice medium was made by ultraviolet
spectrophotometry. Results from the absorption spectra of the
extracts of each isolate indicated that four were very high
aflatoxin producers, one a high producer, and two low pro¬
ducers, These levels, based on the classification scheme of
Coomes et al*. (1964) are as follows* 0-50 g/kg (low or zero
aflatoxin Bj^ levels); 50-250 g/kg (medium); 250-1000 g/kg (high);
1000 g/kg and above (very high),
7, Concentrations of aflatoxin Bj^ produced by the isolates on rice
media were not directly related to the amount of mycelial growth.
This finding agreed with studies on the formation of aflatoxin
in forages by Hesseltine et al,» (1968),
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